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(57) ABSTRACT 

An image forming apparatus includes an image bearing 
member; a charging member for electrically charging the 
image bearing member; developing means for developing 
With a developer an electrostatic latent image formed on the 
image bearing member, the developing means having a 
developer carrying member for carrying the developer, 
Wherein a gap is formed betWeen the developer carrying 
member and the image bearing member; bias voltage apply 
ing means for applying a bias voltage to the developer 
carrying member, Wherein the bias applying means applies 
an AC bias When the electrostatic latent image is developed, 
Wherein the developing means is capable of collecting the 
developer fro the image bearing member, and an amplitude 
of an AC bias voltage applied to the developer carrying 
member by the bias applying means When the the developer 
is collected, is larger than that When the the electrostatic 
latent image is developed. 
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IMAGE FORMING APPARTAUS WHICH 
RECOVERS TONER BY DEVELOPING DEVICE 

FIELD OF THE INVENTION AND RELATED 
ART 

[0001] The present invention relates to an image forming 
apparatus, for example, a copying machine, a printer, etc., 
Which employs an electrophotographic or electrostatic 
recording method. In particular, it relates to an image 
forming apparatus Which recovers toner With the use of its 
developing device, While employing an electrophotographic 
or electrostatic recording method. 

[0002] FIG. 7 shoWs the general structure of one of the 
examples of a cleaner-less electrophotographic image form 
ing apparatus, Which is useful as reference for understanding 
the present invention. 

[0003] Designated by a referential numeral 1 is an elec 
trophotographic photoconductive member as an image bear 
ing member, Which normally is in the form of a drum (Which 
hereinafter Will be referred to as photoconductive drum). It 
is rotationally driven in the direction indicated by an arroW 
mark at a predetermined peripheral velocity. This rotational 
photoconductive drum 1 is uniformly charged by a primary 
charging device 3. 

[0004] In this example, the primary charging device 3 is a 
contact type charging device employing a charge roller 
(electrically conductive roller), as a contact type charging 
member, Which is placed in contact With the photoconduc 
tive drum 1. A referential character a represents a charging 
nip. As a predetermined combination of a DC voltage and an 
AC voltage is applied from an electrical poWer source 6 to 
this charge roller 3, the peripheral surface of the photocon 
ductive drum 1 is uniformly charged to predetermined 
polarity and potential level by the charge roller 3 in contact 
With the peripheral surface of the photoconductive drum 1. 

[0005] At the exposure location b, the uniformly charged 
portion of the peripheral surface of the photoconductive 
drum 1 is exposed to the light, projected from an exposing 
apparatus 4, While being modulated With the image forma 
tion information inputted from an external apparatus. As a 
result, a latent image is formed on the peripheral surface of 
the photoconductive drum 1. 

[0006] At the development location c of a developing 
apparatus 2, this electrostatic latent image on the photocon 
ductive drum 1 is visualiZed into a toner image With the use 
of developer (Which hereinafter may sometimes be referred 
to as toner) T holding triboelectrical charge, the polarity of 
Which is the same as that of the voltage applied to the 
primary charging device 3. 

[0007] Also in this example, the developing apparatus 2 is 
such a developing apparatus that uses single-component 
magnetic developer. In operation, While a developer bearing 
member (Which hereinafter Will be referred to as develop 
ment roller) 21, in Which a magnet is stationarily disposed, 
is rotated, the toner T in the toner container is sent out by a 
toner sending member 23, to the adjacencies of the periph 
eral surface of the development roller 21. As a result, a layer 
of triboelectrically charged toner is formed on the peripheral 
surface of the development roller 21 by a developer regu 
lating member (Which hereinafter Will be referred to as 
development blade) 22 for regulating the body of toner on 
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the peripheral surface of the development roller 21. The 
development roller 21 is rotated in the direction indicated by 
an arroW mark in the draWing, so that the peripheral surfaces 
of the photoconductive drum 1 and development roller 21 
are moved in the same direction at the development location 
c, Where a predetermined gap is maintained betWeen the 
peripheral surfaces of the photoconductive drum 1 and 
development roller 21. 

[0008] To the development roller 21, a predetermined 
combination of a DC voltage and an AC voltage is applied 
from an electric poWer source 8. As a result, the electrically 
charged toner particles in the toner layer on the development 
roller 21 are transferred onto the peripheral surface of the 
photoconductive drum 1 in a manner to re?ect the pattern of 
the electrostatic latent image on the peripheral surface of the 
photoconductive drum 1. Consequently, a visible image 
re?ecting the electrostatic latent image is formed of toner 
particles, on the peripheral surface of the photoconductive 
drum 1. This visible image hereinafter Will be referred to as 
a toner image. 

[0009] In synchronism With the toner image formation, a 
single or plurality of sheets of paper (transfer medium) P are 
conveyed by a conveying means comprising a pickup roller 
10, etc., from a cassette to a transfer nip d, in Which the toner 
image is transferred onto the transfer medium P by a transfer 
charging device (transfer roller) 5. Thereafter, the transfer 
medium P is separated from the photoconductive drum 1, 
and is conveyed to a ?xing apparatus 9. In the ?xing 
apparatus 9, the toner image is ?xed; it is turned into a 
permanent image. 
[0010] MeanWhile, the developer particles remaining on 
the photoconductive drum 1 (Which hereinafter Will be 
referred to as transfer residual toner particles), that is, the 
developer particles Which Were not transferred by the trans 
fer charging device 5, are recovered by the developing 
apparatus 2. More speci?cally, during the folloWing rota 
tional cycle of the photoconductive drum 1, the peripheral 
surface of the photoconductive drum 1 is charged, With the 
presence of the transfer residual toner particles T on the 
peripheral surface of the photoconductive drum 1, and a 
latent image is formed on the peripheral surface of the 
photoconductive drum by exposure, also With the presence 
of the transfer residual toner particles T. Then, While a toner 
image is formed by the developing apparatus 2 using the 
single-component magnetic developer, the transfer residual 
toner particles T are recovered into the developing apparatus 
2. This process Will be referred to as “cleaning by develop 
ment bias” 

[0011] At this time, the mechanism of the “cleaning by 
development bias” Will be described, in this mechanism, the 
residual toner particles, that is, the toner particles remaining 
on the portion of the peripheral surface of the photoconduc 
tive drum 1, on the immediately doWnstream side of the 
aforementioned transferring means, in terms of the rota 
tional direction of the photoconductive drum, are recovered 
by the fog prevention bias (difference Vback in potential 
level betWeen potential level of DC voltage applied to 
developing means and surface potential level of photocon 
ductive drum 1), during the immediately folloWing rota 
tional cycle of the photoconductive drum, during Which the 
photoconductive drum 1 is charged, a latent image is 
formed; and the latent image is developed (Japanese Laid 
open Patent Application 10-301456, etc.). 
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[0012] In the case of the above described method, Which 
is generically referred to as a cleaner-less system, the 
transfer residual toner particles are recovered by the devel 
oping means, and are used during the following image 
formation processes. Therefore, it prevents an image form 
ing apparatus from producing Waste toner, reducing thereby 
the amount of the labor required for maintenance. 

[0013] Being cleaner-less offers a substantial advantage in 
terms of spatial ef?ciency; it makes it possible to substan 
tially reduce the siZe of an image formation apparatus. 

[0014] Also in the case of a cleaner-less method, a direct 
injection method is employed by the charging means. More 
speci?cally, a contact type charging member, the electrical 
resistance of Which is in the medium range, is placed in 
contact With the peripheral surface of a photoconductive 
drum to directly inject electric charge into the surface layer 
of the photoconductive drum. 

[0015] HoWever, the residual toner recovery by the devel 
oping apparatus is not perfect. In other Words, it is likely to 
alloW the occurrence of the image defect called fog. Further, 
as a given image forming operation is repeatedly carried out, 
not only is the fog likely to be produced by a greater amount, 
but also, other irregularities, in particular, an image defect 
called “light blockage blemish”, sometimes occur. 

[0016] The causes of the image defects, causes of the 
increase in the frequency of the occurrences of the image 
defects, and causes of the increase in the magnitude of the 
image defects, Which became evident through the studies 
made by the inventors of the present invention, Will be 
discussed next. 

[0017] 
[0018] First, the fog Will be described. When a contact 
type charging member is used, the transfer residual toner 
particles, or the toner particles left on the photoconductive 
drum Without being transferred onto the recording medium 
by the transferring means, are taken into the contact type 
charging member once before they are recovered. Generally, 
toner particles are insulating. Therefore, the presence of a 
larger amount of toner particles in or on the, contact type 
charging member causes charge failure. Thus, bias is applied 
to the contact type charging member to return the transfer 
residual toner particles in and on the contact type charging 
member to the photoconductive drum. Then, the transfer 
residual toner particles reach the developing means, and are 
recovered into the developing device by the recovery bias of 
the developing means. 

a) Fog 

[0019] This does not mean that all the transfer residual 
toner particles are returned into the developing device. In 
other Words, a certain amount of the transfer residual toner 
particles still remains on the photoconductive drum, on the 
points unrelated to the current electrostatic latent image. As 
a result, the image defect called fog occurs. 

[0020] Moreover, as a toner particle is repeatedly sub 
jected to an image forming operation, the toner particle 
deteriorates; some of external additives, such as silica, etc., 
adhering to the toner particle peel off. As a result, the 
performance of the toner particle in terms of electrical 
properties reduces. In other Words, as the toner particle 
deteriorates, it is likely to turn into the transfer residual toner 
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particle, and also, is less likely to be recovered by the 
developing means, increasing thereby the frequency at 
Which the fog is generated. 

[0021] b) Image Discontinuity 
[0022] Next, an image defect referred to as “discontinuity” 
Will be described. 

[0023] The application of particle expulsion bias to the 
contact type charging member does not make the contact 
type charging member expel all the toner particles therein or 
thereon. Therefore, as the cumulative number of the image 
forming operations carried out by an image forming appa 
ratus increases, the amount of the transfer residual particles 
accumulated in and on the contact type charging member 
increases. Generally, a toner particle is an insulating particle. 
Thus, the presence of a large amount of toner particles 
betWeen the peripheral surfaces of the charge roller and 
photoconductive drum, in the charging nip, prevents the 
peripheral surface of the photoconductive drum from being 
uniformly charged. As a result, an image, the portions of 
Which corresponding to the nonuniformly charged portions 
of the photoconductive drum are abnormal, that is, being 
discontinuous, is formed. When the cumulative amount of 
the transfer residual toner particles exceeds a certain level, 
the chance of the occurrence of this image anomaly is very 
high. 
[0024] c) Light Blockage Blemish 
[0025] Next, an image defect referred to as “light blockage 
blemish” Will be described. This term means a phenomenon 
that the presence of a large amount of particles, such as toner 
particles, on the peripheral surface of the photoconductive 
drum blocks exposure light, preventing thereby the forma 
tion of a toner image. As a result, an image, the portions of 
Which corresponding to the portions of the peripheral sur 
face of the photoconductive drum covered With the 
unWanted particles, are missing, is formed. 

SUMMARY OF THE INVENTION 

[0026] The present invention Was made in consideration of 
the above described problems, and its primary object is to 
provide an image forming apparatus capable of forming 
images free of defects. 

[0027] Another object of the present invention is to pro 
vide an image forming apparatus superior in the ratio at 
Which developer is recovered by its developing device. 

[0028] Another object of the present invention is to pro 
vide an image forming apparatus comprising: 

[0029] 
[0030] a charging member for charging said image 

bearing member; 

an image bearing member; 

[0031] developing means for developing the electro 
static latent image formed on said image bearing 
member With the use of developer, said developing 
means having a developer bearing member for bear 
ing the developer, and a gap being provided betWeen 
said developer bearing member and said image bear 
ing member; and 

[0032] bias applying means for applying bias to said 
developer bearing member, said bias applying means 
applying AC bias While developing the electrostatic 
latent image; 
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[0033] wherein said developing means is capable of 
recovering the developer from said image bearing 
member, and the amplitude of the AC bias Which said 
bias applying means applies to said developer bear 
ing member during the developer recovery is greater 
than that during the electrostatic latent image devel 
opment. 

[0034] Another object of the present invention is to pro 
vide an image forming apparatus comprising: 

[0035] an image bearing member; 

[0036] a charging member for charging said image 
bearing member; 

[0037] developing means for developing the electro 
static latent image formed on said image bearing 
member With the use of developer, said developing 
means having a developer bearing member for bear 
ing the developer, and a gap being provided betWeen 
said developer bearing member and said image bear 
ing member; and 

[0038] bias applying means for applying bias to said 
developer bearing member, said bias applying means 
applying AC bias While developing the electrostatic 
latent image; 

[0039] Wherein said developing means is capable of 
recovering the developer from said image bearing 
member, and the duty ratio of the AC bias Which said 
bias applying means applies to said developer bear 
ing member during the developer recovery is differ 
ent from that during the electrostatic latent image 
development. 

[0040] Another object of the present invention is to pro 
vide an image forming apparatus comprising: 

[0041] an image bearing member; 

[0042] a charging member for charging said image 
bearing member; 

[0043] developing means for developing the electro 
static latent image formed on said image bearing 
member With the use of developer, said developing 
means having a developer bearing member for bear 
ing the developer, and a gap being provided betWeen 
said developer bearing member and said image bear 
ing member; and 

[0044] bias applying means for applying bias to said 
developer bearing member, said bias applying means 
applying AC bias While developing the electrostatic 
latent image; 

[0045] Wherein said developing means is capable of 
recovering the developer from said image bearing 
member, and the frequency of the AC bias Which said 
bias applying means applies to said developer bear 
ing member during the developer recovery is higher 
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being capable of applying a ?rst bias, that is, the bias 
applied during the formation of an electrostatic latent 
image on said image bearing member, and a second 
bias different from the ?rst bias; 

[0049] developing means for developing the electro 
static latent image formed on said image bearing 
member With the use of developer, said developing 
means having a developer bearing member for bear 
ing the developer, and a gap being provided betWeen 
said developer bearing member and said image bear 
ing member; and 

[0050] a second bias applying means for applying 
bias to said developer bearing member, said second 
bias applying means applying AC bias during the 
electrostatic latent image development; 

[0051] Wherein While the area of said image bearing 
member, to Which said ?rst bias applying means has 
applied the second bias, passes the development 
location, said second bias applying means applies 
thereto, AC bias greater in amplitude than the AC 
bias applied during the electrostatic latent image 
development. 

[0052] Another object of the present invention is to pro 
vide an image forming apparatus comprising: 

[0053] an image bearing member; 

[0054] a ?rst bias applying means for applying bias to 
said charging member, said ?rst bias applying means 
being capable of applying a ?rst bias, that is, the bias 
applied during the formation of an electrostatic latent 
image on said image bearing member, and a second 
bias different from the ?rst bias; 

[0055] developing means for developing the electro 
static latent image formed on said image bearing 
member With the use of developer, said developing 
means having a developer bearing member for bear 
ing the developer, and a gap being provided betWeen 
said developer bearing member and said image bear 
ing member; and 

[0056] a second bias applying means for applying 
bias to said developer bearing member, said second 
bias applying means applying AC bias during the 
electrostatic latent image development; 

[0057] Wherein While the area of said image bearing 
member, to Which said ?rst bias applying means has 
applied the second bias, passes the development 
location, said second bias applying means applies 
thereto, AC bias different in duty ratio from the AC 
bias applied during the electrostatic latent image 
development. 

than that during the electrostatic latent image devel- [0058] Another Object of the Present invention is to Pro‘ 
opment~ vide an image forming apparatus comprising: 

[0046] Another object of the present invention is to pro- [0059] an image bearing member; 
vide an image forming apparatus comprising: 

[0060] a ?rst bias applying means for applying bias to 
said charging member, said ?rst bias applying means 
being capable of applying a ?rst bias, that is, the bias 
applied during the formation of an electrostatic latent 

[0047] an image bearing member; 
[0048] a ?rst bias applying means for applying bias to 

said charging member, said ?rst bias applying means 
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image on said image bearing member, and a second 
bias different from the ?rst bias; 

[0061] developing means for developing the electro 
static latent image formed on said image bearing 
member With the use of developer, said developing 
means having a developer bearing member for bear 
ing the developer, and a gap being provided betWeen 
said developer bearing member and said image bear 
ing member; and 

[0062] a second bias applying means for applying 
bias to said developer bearing member, said second 
bias applying means applying AC bias during the 
electrostatic latent image development; 

[0063] Wherein While the area of said image bearing 
member, to Which said ?rst bias applying means has 
applied the second bias, passes the development 
location, said second bias applying means applies 
thereto, AC bias higher in frequency than the AC bias 
applied during the electrostatic latent image devel 
opment. 

[0064] These and other objects, features, and advantages 
of the present invention Will become more apparent upon 
consideration of the folloWing description of the preferred 
embodiments of the present invention, taken in conjunction 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0065] FIG. 1 is a draWing for describing the structure of 
the image forming apparatus in the ?rst embodiment of the 
present invention. 

[0066] FIG. 2 is a draWing for describing the relationship 
betWeen the pre-development fog and post-development 
fog, in the ?rst embodiment of the present invention. 

[0067] FIG. 3 is a draWing for shoWing the changes of the 
development bias and charge bias in the ?rst embodiment of 
the present invention. 

[0068] FIG. 4 is a draWing for shoWing the relationships 
betWeen the number of the copies formed by the image 
forming apparatus in the ?rst embodiment of the present 
invention and the resultant amount of fog, and the relation 
ship betWeen the number of the copies formed by an image 
forming apparatus in accordance With the prior arts and the 
resultant amount of fog. 

[0069] FIG. 5 is a draWing for describing the structure of 
the image forming apparatus in the second embodiment of 
the present invention. 

[0070] FIG. 6 is a draWing for shoWing the patterns of the 
altered portions of the charge bias and development bias, in 
this embodiment of the present invention. 

[0071] FIG. 7 is a schematic draWing of an electrophoto 
graphic apparatus useful as a reference for understanding the 
present invention. 

[0072] FIG. 8 is a draWing for shoWing the Waveforms of 
the charge biases and development biases in the ?rst and 
second embodiments. 

[0073] FIG. 9 is a draWing for shoWing the Waveforms of 
the development biases in Embodiments 1-2 and 2-2. 

Jan. 8, 2004 

[0074] FIG. 10 is a draWing for shoWing the Waveforms of 
the development biases in Embodiments 1-3 and 2-3. 

[0075] FIG. 11 is a draWing for shoWing the Waveforms of 
the development biases in Embodiments 1-4 and 2-4. 

[0076] FIG. 12 is a draWing for shoWing the duty ratio of 
the development bias. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0077] Hereinafter, the embodiments of the present inven 
tion Will be described With reference to the appended 
draWings. 

[0078] (Embodiment 1) 
[0079] The image forming apparatus in this embodiment is 
shoWn in FIG. 1. Like the previously described image 
forming apparatus shoWn in FIG. 7, this image forming 
apparatus is an electrophotographic printer, the charging 
means of Which is a contact type charging device employing 
a charge roller 3 as a contact type charging member; the 
developing means of Which is a developing apparatus Which 
uses single-component magnetic developer; and the clean 
ing method of Which is of a cleaner-less type (cleaning 
process coincides With the developing process). The struc 
tural members of this image forming apparatus, Which are 
identical to those of the image forming apparatus in FIG. 7 
Will be given the same referential symbols as those given to 
those of the image forming apparatus in FIG. 7. In order to 
avoid the repetition of the same descriptions. 

[0080] (1-1) Essential Members of Image Forming Appa 
ratus 100 

[0081] The charger roller 3, as a charging member, of the 
image forming apparatus in this embodiment is a roller 
comprising a metallic core, and an elastic layer formed in a 
manner to cover the entirety of the peripheral surface of the 
metallic core. The material for the elastic layer is rubber, or 
foamed substance, the electrical resistance of Which is in a 
range of l0‘l-l07 Q-cm, and Which has been processed With 
resin, sul?diZing agent, foaming agent, etc. 

[0082] The photoconductive drum 1 as an image bearing 
member is an organic photoconductive drum comprising an 
electrically conductive drum (aluminum drum), as a sub 
strate, and a plurality of functional layers, that is, an under 
coat layer, a charge generation layer, and a charge transfer 
layer, coated in this order in layers on the entirety of the 
peripheral surface of the drum. 

[0083] The development roller 21 as a developer bearing 
member is a nonmagnetic roller comprising a piece of plain 
aluminum tube, and a layer of material coated on the entirety 
of the peripheral surface of the aluminum tube in order to 
provide the development roller 21 With a peripheral surface 
With a proper degree of roughness. 

[0084] The development blade 22 as a toner regulating 
member is a blade comprising an elastic blade proper 
formed of urethane, and a metallic plate to Which the blade 
proper is bonded. 

[0085] The transferring means 5 is a transfer roller, Which 
is electrically conductive and elastic. 
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[0086] Further, the image forming apparatus in this 
embodiment employs a process cartridge 50. In Which the 
three processing devices, that is, the photoconductive drum 
1, charge roller 3, and developing apparatus 2, are integrally 
disposed, and Which is removably mountable in the main 
assembly of the image forming apparatus. 

[0087] The image forming apparatus also comprises an 
electric poWer source 6 (?rst bias applying means), Which is 
for applying charge bias to the charge roller 3, and Which has 
?rst and second poWer sources 6a and 6b, and a sWitch 6c 
for sWitching betWeen the poWer sources 6a and 6b. While 
the charge roller 3 is in connection to the ?rst poWer source 
6a through the sWitch 6c, a predetermined DC bias is applied 
to the charge roller 3, and as the sWitch is made in the 
electric poWer source 6 from the ?rst poWer source 6a to the 
second poWer source 6b by the sWitch 6c, a predetermined 
combination of a DC voltage and an AC voltage is applied 
to the charge roller 3. 

[0088] Further, the image forming apparatus comprises an 
electric poWer source 8 (second bias applying means), Which 
is for applying development bias to the development roller 
21, and Which has ?rst and second poWer sources 8a and 8b, 
and a sWitch 8c for sWitching betWeen the ?rst and second 
poWer sources 8a and 8b. While the development roller 21 
is in connection to the ?rst poWer source 8a through the 
sWitch 6c, a predetermined combination of a DC voltage and 
an AC voltage is applied to the development roller 21, and 
as the sWitch is made in the electric poWer source 8 from the 
?rst poWer source 8a to the second poWer source 8b by the 
sWitch 8c, a predetermined combination of a DC voltage and 
an AC voltage, Which is different from that applied by the 
?rst poWer source 8a, is applied to the development roller 
21. 

[0089] The poWer source selection sWitch 6c of the elec 
tric poWer source 6 for the charge bias application, and the 
poWer source selection sWitch 8c of the electric poWer 
source 8 for the development bias application, are controlled 
by an unshoWn control circuit, folloWing a predetermined 
sequence program. 

[0090] (1-2) Structure of Image Forming Apparatus 

[0091] The photoconductive drum 1 is rotationally driven 
in the direction indicated by an arroW mark at a predeter 
mined peripheral velocity. The charge roller 3 is kept pressed 
directly on the photoconductive drum 1 so that a predeter 
mined amount of contact pressure is maintained betWeen the 
charge roller 3 and photoconductive drum 1, and also so that 
a charge nip having a predetermined Width is maintained 
betWeen the charger roller 3 and photoconductive drum 1. 
The charge roller 3 is rotationally driven in such a direction 
that the peripheral surface of the charge roller 3 moves in the 
direction counter to the moving direction of the peripheral 
surface of the photoconductive drum 1, in the charging nip 
a, providing thereby the charge roller 3 With a differential 
peripheral velocity of 150% relative to the peripheral surface 
of the photoconductive drum 1. 

[0092] During an image forming operation, the sWitch 6c 
of the electric poWer source 6 for applying charge bias is set 
to the ?rst poWer source 6a, so that a DC charge bias of —600 
V is applied to the charge roller 3, uniformly charging the 
peripheral surface of the photoconductive drum 1 to a 
predetermined potential level. 
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[0093] Onto this charged peripheral surface of the photo 
conductive drum 1, a beam of laser light is projected from 
an optical means 4, through the eXposure opening 52 of the 
cartridge frame 51; the charged peripheral surface of the 
photoconductive drum is eXposed. As a result, an electro 
static latent image is formed on the peripheral surface of the 
photoconductive drum 1. This electrostatic latent image is 
developed into a visual image, that is, an image formed of 
toner (Which hereinafter Will be referred to as toner image), 
by the developing apparatus 2 as a developing means. 

[0094] This developing apparatus 2 is of a reversal type, 
Which uses single-component, magnetic, negative toner, and 
a jumping developing method. In operation, While the devel 
opment roller 21 is rotated, the toner T in the toner container 
is sent out by a toner stirring member 23, to the adjacencies 
of the peripheral surface of the development roller 21. As a 
result, a layer of triboelectrically charged toner is formed on 
the peripheral surface of the development roller 21 by the 
development blade 22 for regulating the body of toner on the 
peripheral surface of the development roller 21. From this 
layer of toner, toner particles are transferred onto the pho 
toconductive drum 1 in a manner to re?ect the pattern of the 
electrostatic latent image on the photoconductive drum 1, 
developing thereby the electrostatic latent image into a 
visible image, that is an image formed of toner. A gap is 
maintained betWeen the photoconductive drum and devel 
opment roller; the layer of developer on the development 
roller is not in contact With the peripheral surface of the 
photoconductive drum. As a predetermined AC bias is 
applied to the development roller, a certain amount of the 
developer on the development roller transfers onto the 
photoconductive drum. 

[0095] Thereafter, the toner image is transferred onto a 
sheet of paper P by applying a predetermined voltage 
opposite in polarity to the toner image to a transfer roller 5 
from an electric poWer source 7 for transfer bias application. 

[0096] Toner particles remaining on the photoconductive 
drum 1, that is, toner particles Which Were not transferred 
onto the photoconductive drum 1, are recovered into the 
developing apparatus 2 by the developing apparatus 2. 

[0097] (1-3) Characteristics of Image Forming Apparatus 
100 

[0098] As the cumulative number of image forming opera 
tions carried out by the image forming apparatus 100 
increases, the amount of the transfer residual toner particles 
on the peripheral surface of the photoconductive drum 1 also 
increases, their presence becoming conspicuous. These 
transfer residual toner particles have the folloWing charac 
teristics 

[0099] FIG. 2 shoWs the relationship betWeen the fog 
causing toner particles on the portion of the peripheral 
surface of the photoconductive drum 1 betWeen the charging 
location and developing location (Which hereinafter Will be 
referred to as pre-development fog), and the fog causing 
toner particles on the portion of the peripheral surface of the 
photoconductive drum 1 betWeen the developing location 
and transferring location (Which hereinafter Will be referred 
to as post-development fog). The solid line in FIG. 2 
represents the case in Which the peak-to-peak voltage of the 
AC bias applied to the development roller Was 1,300 V, and 
the broken line (dotted line) in FIG. 2 represents the case in 
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Which it Was 900 V. The amounts of these fog causing 
particles on the peripheral surface of the photoconductive 
drum Were measured With the use of a fog measuring device, 
that is, a Densitometer TC-6DS (Tokyo Denshoku, Co., 
Ltd.) of a re?ection type. 

[0100] As Will be evident from FIG. 2, When the amount 
of the pre-development fog Was relatively small (point A in 
FIG. 2), the amount of the post-development fog is smaller 
When the Vpp of the AC bias Was 900 V than When the Vpp 
of the AC bias Was 1,300 V. In other Words, When the 
peripheral surface of the photoconductive drum Was clean, 
the effect of the fog causing toner particles Was large, and the 
greater the amplitude of the development bias, the greater 
the amount of the fog. On the contrary, When the amount of 
the pre-development fog Was relatively large (point B in 
FIG. 2), the amount of the post-development fog Was 
smaller When the Vpp of the AC bias Was 1,300 V than When 
it Was 900 V. The causes of these phenomenons are assumed 
to be as folloWs. 

[0101] That is, the greater the amplitude of the develop 
ment bias, the smaller the amount of the triboelectrical 
charge (Which hereinafter Will be referred to as “tribo”) of 
each toner particle, Which is necessary for the toner particle 
to jump to the photoconductive drum, can be. HoWever, 
When the tribo of a toner particle is small, the amount of the 
force generated by the interaction betWeen the tribo of the 
toner particle and the electrical charge of the peripheral 
surface of the photoconductive drum is not likely to be large 
enough to return the toner particle to the developing device 
(development roller). Therefore, the toner particle is likely 
to remain on the photoconductive drum, as a fog generating 
toner particle. In other Words, the application of the bias With 
the greater amplitude, that is, the AC bias of 1,300 V, When 
the amount of the pre-development fog is relatively small, 
that is, When the amount of the toner particles adhering to the 
peripheral surface of the photoconductive drum is relatively 
small anyWay, contributes to the contamination of the rela 
tively clean peripheral surface of the photoconductive drum; 
it increases the post-development fog. 

[0102] HoWever, the greater the amplitude of the devel 
opment bias, the greater the amount of the toner particles 
Which jump from the developing device to the photocon 
ductive drum. Then, When the difference in potential level 
betWeen the development roller and photoconductive drum 
is such that the toner particles are caused to jump from the 
photoconductive drum to the development roller, the toner 
particles having jumped from the development roller to the 
photoconductive drum return to the development roller, 
taking along the toner particles Which pre-eXisted on the 
photoconductive drum. In other Words, the toner particles on 
the photoconductive drum are returned to the developing 
device by the so-called “poWder pressure”. The poWder 
pressure is higher When the amplitude of the AC voltage 
applied to the development roller is 1,300 V than When it is 
900 V. Therefore, the application of an AC bias With the 
larger amplitude, that is, the AC voltage of 1,300 V, When the 
amount of the pre-development fog is relatively large, that 
is, When the amount of toner particles adhering to the 
peripheral surface of the photoconductive drum is relatively 
large, contributes more to the cleaning of the relatively 
contaminated peripheral surface of the photoconductive 
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drum than to the adhesion of the toner particles to the 
peripheral surface of the photoconductive drum; it decreases 
the post-development fog. 

[0103] (1-4) Operation and Bias Values of Image Forming 

[0104] Apparatus in This Embodiment 

[0105] The values of the biases in this embodiment are 
determined based on the above described development pro 
cess. In order to prevent fog generation While maintaining 
the charging performance of the charge roller, it is necessary 
to properly eXpel the toner particles from the charge roller, 
and also to recover virtually the entirety of the eXpelled toner 
particles into the developing device. HoWever, if a large 
amount of toner particles is expelled onto the peripheral 
surface of the photoconductive drum, it sometimes fail to be 
recovered in its entirety. In other Words, there is an optimal 
value for each of the biases for expelling toner particles from 
the charging member and for recovering the toner particles 
into the developing apparatus. Thus, the bias applied to 
eXpel toner particles from the charging member must be 
balanced relative to the bias applied to recover the eXpelled 
toner particles into the developing device. It is possible that 
there are optimal combinations betWeen the values of the 
bias applied to the charge roller and the values of the bias 
applied to the developing apparatus. In consideration of this 
assumption, the amplitude of the bias applied to the charge 
roller to eXpel toner particles from the charge roller is set to 
100 V (-620 V to —720 V), and in proportion to this 
amplitude, the amplitude of the bias applied to the devel 
oping apparatus to recover toner particles from the photo 
conductive drum (to clean photoconductive drum) is set to 
1,300 V (+200 V to —1100 V). 

[0106] FIG. 3 shoWs the changes of the development bias 
and charge bias in this embodiment. Further, Table 1 shoWs 
the values of the charge bias and development bias applied 
during the image forming operation, and during the cleaning 
operation. It should be noted here that in FIG. 3, the 
operational phases of the processes from the charging pro 
cess to the developing process have been changed. FIG. 8 
shoWs the Waveforms of the charge bias and development 
bias during the image forming operation, and during the 
cleaning operation. 

[0107] The sWitching betWeen the charge bias and devel 
opment bias during the image forming operation and during 
the cleaning operation is done by the poWer source selection 
sWitch 6c of the electric poWer source 6 for charge bias 
application, and the poWer source selection sWitch 8c of the 
electric poWer source 8 for development bias application, 
respectively, folloWing unshoWn predetermined control 
sequence programs. 

[0108] Referring to FIG. 3, as the operation of the image 
forming apparatus sWitches from image formation to clean 
ing, not only is an AC voltage such as the one shoWn in Table 
1 is added to the charge bias, but also, the amplitude of the 
development bias is increased in coordination With the 
addition of the AC voltage to the charge bias. During the 
cleaning operation, a charge bias, Which is rectangular in 
Waveform, and 200 HZ in frequency, is applied, Whereas 
during the cleaning operation and image forming operation, 
the development bias, Which is rectangular in Waveform and 
1,800 HZ in frequency, is applied. 
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TABLE 1 

IMAGING CLEANING 

CHARGING DC V (V) —6OO —67O 
BIAs Ac A (V) 0 —620——720 

FREQ (HZ) _ 200 
WAVE _ PLS WV 

DEVELOPING DC V (V) -450 -450 
BIAs Ac A (V) 0--900 +200--1100 

FREQ (HZ) 1800 1800 
WAVE PLS WV PLS WV 

[0109] (1-5) Factors Used for Deciding Bias Properties in 
This Embodiment 

[0110] The following conditions Were taken into consid 
eration When choosing the bias Values and WaVeforms giVen 
in Table 1. 

[0111] (1) Image Defect Traceable to Bias Leak 

[0112] As high Voltage is applied betWeen the deVelop 
ment roller and photoconductiVe drum, bias leak sometimes 
occurs, adVersely affecting the toner image on the photo 
conductiVe drum. 

[0113] When the ambient pressure of the image forming 
apparatus in this embodiment Was relatiVely loW, in particu 
lar, When it Was approximately 70 kPa, bias leak occurred 
While printing solid black portions of an image, With the 
amplitude of the AC Voltage as the deVelopment bias set at 
approximately 950 V. 

[0114] Further, under the same condition, bias leak 
occurred While printing solid White portions of an image, 
With the amplitude of the AC bias as the deVelopment bias 
set at approximately 1,350 V. 

[0115] In consideration of the aboVe facts, the amplitude 
of the AC Voltage to be applied to the deVelopment roller 
during an image forming operation Was set to 900 V, 
Whereas the amplitude of the AC Voltage to be applied to the 
deVelopment roller during a cleaning operation Was set to 
1,300 V, in order to output an optimal image. 

[0116] (2) Toner RecoVery Efficiency of PoWder Pressure 

[0117] As described preViously, the higher the poWder 
pressure, the better the efficiency With Which the pre-existing 
toner particles on the photoconductiVe drum are recoVered 
by the poWder pressure. Further, the deVelopment bias is 
desired to haVe a rectangular WaVeform rather than a trian 
gular or sinusoidal WaVeform; in other Words, the deVelop 
ment bias is desired to abruptly change in amplitude rather 
than to gradually change. Thus, in this embodiment, an AC 
Voltage haVing a rectangular WaVeform Was chosen as the 
deVelopment bias. 

[0118] (1-6) Effects of First Embodiment 

[0119] FIG. 4 shoWs the relationship betWeen the cumu 
latiVe number of copies printed by the image forming 
apparatus in this embodiment, and the amount of fog, and 
the relationship betWeen the cumulatiVe number of copies 
printed by an image forming apparatus structured in accor 
dance With the prior arts, and the amount of fog. 

[0120] Here, being structured in accordance With the prior 
arts means that When the particle expulsion bias is applied to 
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the charge roller, the deVelopment bias is not changed. In 
other Words, it means that the deVelopment bias applied to 
recoVer toner particles from the photoconductiVe drum is the 
same as the deVelopment bias applied during the image 
forming operation. 

[0121] Referring to FIG. 4, in the case of the image 
forming apparatus structured in accordance With the prior 
arts, the amount of the fog increases Virtually In proportion 
to the cumulatiVe number of copies printed by the apparatus. 
Also in the case of the image forming apparatus structured 
in accordance With the present inVention, the amount of the 
fog increases as the cumulatiVe number of copies printed by 
the apparatus increases, but the amount of the increase is 
Very slight, being substantially smaller compared to the 
amount of the fog generated by the image forming apparatus 
structured in accordance With the prior arts. 

[0122] The further eValuation of the images reVealed that 
the images formed by the apparatus structured in accordance 
With the present inVention Were smaller in the amount of the 
continuity defects than those generated by the apparatus 
structured in accordance With the prior arts. 

[0123] The differences betWeen the image forming appa 
ratus in this embodiment, and the image forming apparatus 
in accordance With the prior arts, in the aboVe described 
experiments Were studied, and the folloWing obserVations 
Were made. 

[0124] With the increase in the cumulatiVe number of 
copies, the transfer residual toner particles accumulate on 
the charge roller, and therefore, the amount of the toner 
particles expelled during a cleaning operation increases. The 
state of the peripheral surface of the photoconductiVe drum 
is roughly correspondent to the point B in FIG. 2. Therefore, 
if the amplitude of the AC Voltage as the deVelopment bias 
is kept at 900 V, all the toner particles on the photoconduc 
tiVe drum cannot be recoVered, increasing the amount of the 
post-deVelopment toner particles. As the cumulatiVe number 
of copies further increases, the amount of the toner particles 
present on the photoconductiVe drum prior to each deVel 
oping process also increases, further increasing the amount 
of the fog. 

[0125] The application of the deVelopment bias superior in 
toner recoVery efficiency, that is, the AC Voltage With the 
amplitude of 1,300 V, during an image forming operation as 
Well as a cleaning operation, makes it more likely for the 
aboVe described bias leak to occur, and therefore, an image 
suffering from defects traceable to the aboVe described bias 
leak is likely to be formed. Therefore, the AC Voltage of 
1,300 V should not be used during an image forming 
operation. 

[0126] In comparison, in this embodiment, during an 
image forming operation, an AC bias, that is, a combination 
of a DC component of —450 V and an AC component of 900 
V (Vpp=900 V) is used in order to preVent the occurrence of 
the bias leak. During a cleaning operation, hoWeVer, an AC 
bias, that is, a combination of a DC component of —450 V 
and an AC component of 1,300 V (Vpp=1,300 V) is used. 
The use of the AC component of 1,300 V during a cleaning 
operation reduces the post-deVelopment fog compared to the 
use of the AC component of 900 V This is due to the effect 
of the increased poWder pressure. In other Words, during a 
cleaning operation, the deVelopment bias is changed in 
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coordination With the changing of the charge bias, in order 
to minimize the amount by Which toner particles remain on 
the photoconductive drum, in the range on the immediately 
doWnstream side of the development location, in terms of 
the rotational direction of the photoconductive drum, by 
enhancing the toner recovery performance in proportion to 
the amount by Which toner particles are expelled during the 
cleaning operation. As a result, the amount of the post 
development fog is minimiZed While assuring image quality. 
Thus, even if the cumulative number of the copies formed by 
the image forming apparatus is substantial, the fog is not 
likely to occur. Further, the minimiZation of the amount of 
the toner particles present on the photoconductive drum, on 
the upstream side of the developing location, means the 
minimiZation of the amount of the toner particles betWeen 
the peripheral surfaces of the charge roller and photocon 
ductive drum. Thus, the image forming apparatus in this 
embodiment could form images, the continuity defects of 
Which traceable to the above described unsatisfactory charg 
ing of the photoconductive drum are substantially feWer and 
smaller in magnitude compared to those of the images 
formed by the image forming apparatus structured in accor 
dance With the prior arts. In other Words, the image forming 
apparatus in this embodiment could repeatedly and continu 
ously provide high quality images. 
[0127] (1-7) Embodiment 1-2 

[0128] In the case of this embodiment, the image defects 
such as fog and discontinuity, could be reduced by substan 
tially changing the amplitude of the AC component of the 
development bias, in coordination With the changing of the 
toner expulsion bias, in other Words, by enhancing the 
poWder pressure. According to the experiments carried out 
by the inventors of the present invention, the occurrences of 
the fog, discontinuity, light blockage blemish, etc., could be 
reduced by increasing poWder pressure by changing the 
integral average value (duty ratio: A/(A+B)><100 (%), FIG. 
12), and frequency, in addition to amplitude, of the AC 
component of the development voltage. 

[0129] More speci?cally, during a cleaning operation, the 
duty ratio of the development voltage Was increased in 
coordination With the changing of the particle expulsion bias 
in order to increase the poWder pressure as a result, the 
amount of the image defects such as fog, light blockage 
blemish, etc., Was smaller. Table 2 given beloW shoWs the 
bias values in Embodiment 1-2. Further, the bias Waveforms 
during the image formation operations and cleaning opera 
tions are shoWn in FIG. 9. As Will be evident from Table 2 
and FIG. 9, the duty ratio of the bias applied to the 
development roller during cleaning Was increased from 
50%, Which Was the duty ratio during image formation, to 
65%. In other Words, during cleaning, the ratio of the period 
through Which the bias effects the movement of the toner 
particle from the development roller to photoconductive 
drum is increased compared to that during image formation. 

TABLE 2 

IMAGING CLEANING 

CHARGING DC v (v) —6OO —67O 
BIAs AC A (v) _ —620——720 

DUTY (0/0) _ 50 

FREQ (HZ) _ 200 
WAVE _ PLS WV 
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TABLE 2-continued 

IMAGING CLEANING 

DEVELOPING DC v (v) -450 -585 
BIAS AC A (v) 0--900 0--900 

DUTY (%) 50 65 
FREQ (Hz) 1800 1800 
WAvE PLS Wv PLs Wv 

[0130] (1-8) Embodiment 1-3 

[0131] In this embodiment, during cleaning, the frequency 
of the voltage applied for development Was increased in 
coordination With the changing of the particle expulsion 
bias. As a result, the occurrences of the image defects, for 
example, fog, light blockage blemish, etc., Were reduced. 
Table 3 given beloW shoWs the bias values in Embodiment 
1-3. Further, FIG. 9 shoWs the bias Waveforms during image 
formation and cleaning. 

TABLE 3 

CHARGING CLEANING 

CHARGING DC v (v) —6OO —67O 
BIAs AC A (v) _ —620——720 

DUTY (0/0) _ 50 

FREQ (HZ)( _ 200 
WAvE _ PLS WV 

DEVELOPING DC v (v) -450 -450 
BIAs AC A (v) 0--900 0--900 

DUTY (%) 50 50 
FREQ (HZ) 1800 2500 
WAvE PLS WV PLS WV 

[0132] (1-9) Embodiment 1-4 

[0133] The amplitude, duty ratio, and frequency, that is, 
the changeable properties of the development bias, Were all 
increased in coordination With the changing of the particle 
expulsion charge bias. As a result, the occurrences of the fog, 
light blockage blemish, and discontinuity, Were further 
reduced. Table 4 given beloW shoWs the bias values in 
Embodiment 1-4. Further, FIG. 11 shoWs the bias Wave 
forms during image formation and cleaning. 

TABLE 4 

IMAGING CLEANING 

CHARGING DC v (v) —6OO —67O 
BIAs AC A (v) _ —620——720 

DUTY (0/0) _ 50 

FREQ (HZ) _ 200 
WAvE _ PLS WV 

DEVELOPING DC v (v) -450 —585 
BIAs AC A (v) 0--900 +200--1100 

DUTY (0/0) 50 65 
FREQ (HZ) 1800 2500 
WAvE PLS WV PLS WV 

[0134] (Embodiment 2) 
[0135] FIG. 5 is a draWing shoWing the general structure 
of the image forming apparatus in this embodiment The 
image forming apparatus in this embodiment is different 
from the image forming apparatus in the ?rst embodiment 
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(FIG. 1) in that a mixture, at a predetermined ratio, of toner 
T and electrically conductive particles C (opposite in charge 
polarity to toner) is used as the developer for the developing 
apparatus 2. OtherWise, this image forming apparatus is 
identical to the image forming apparatus in the ?rst embodi 
ment. Thus, the component, member, portions, etc., of this 
image forming apparatus, Which are the same in function as 
those in the image forming apparatus in the ?rst embodi 
ment, are given the same referential symbols as those given 
to those in the ?rst embodiment, and Will not be described 
here. 

[0136] In this second embodiment, during the develop 
ment of an electrostatic latent image, the electrically con 
ductive particles among the toner particles T adhere, along 
With the toner particles, to the peripheral surface of the 
photoconductive drum 1. Then, as the photoconductive 
drum 1 is rotated, they are conveyed through the transfer nip 
d, and then, to the charge nip a. In the charge nip a, they are 
captured by the peripheral surface of the charge roller 3; they 
are supplied to the peripheral surface of the charge roller 3. 
Then, the electrically conductive particles on the peripheral 
surface of the charge roller 3 function as charging perfor 
mance enhancing agent, in the nip betWeen the charge roller 
3 and photoconductive drum 1, keeping stable the photo 
conductive drum charging mechanism of the image forming 
apparatus of a cleaner-less type, even after a substantial 
number of repetitions of the image forming operations. 

[0137] The structure and operation of the image forming 
apparatus in this embodiment are identical to those of the 
image forming apparatus in the ?rst embodiment, and there 
fore, they Will not be described here. Next, the photocon 
ductive drum, charge roller, and electrically conductive 
particles used in this second embodiment Will be described. 

[0138] (2-1) Photoconductive Drum 1 

[0139] The photoconductive drum 1 is an organic photo 
conductive drum, and comprises an aluminum drum as a 
substrate, the same three functional layers, that is, the 
undercoat layer, charge generation layer, and charge transfer 
layer, as those in the ?rst embodiment, and an additional 
functional layer, that is, a charge injection layer, Which is 
coated in layers on the charge transfer layer to improve the 
chargeability of the photoconductive drum 1 

[0140] (2-2) Charge Roller 3 

[0141] The charger roller 3, as a contact type charging 
member, is a roller comprising a metallic core, and a layer 
of foamed substance coated on the entirety of the peripheral 
surface of the metallic core in a manner to form a roller 
coaxial With the metallic core. The electrical resistance of 
the foamed substance is in a range of l0‘l-l07 Q-cm. Prior to 
the literal ?rst usage of the image forming apparatus, the 
charge roller 3 is coated With a 0.2 g of electrically conduc 
tive particles The charge roller 3 is rotationally driven in 
such a direction that the peripheral surface of the charge 
roller 3 moves in the direction counter to the moving 
direction of the peripheral surface of the photoconductive 
drum 1, in the charging nip a, providing thereby the charge 
roller 3 With a differential peripheral velocity of 150% 
relative to the peripheral surface of the photoconductive 
drum 1. 
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[0142] (2-3) Electrically Conductive Particles C 

[0143] In this embodiment, Zinc oxide is used as the 
material for the electrically conductive particles C. HoW 
ever, one of metallic oxides other than Zinc oxide may be 
used as the material for the electrically conductive particles 
C. Electrical charge is exchanged through these electrically 
conductive particles. Therefore, their resistivity is made to 
be 106 Q-cm, and their average particle diameter is made to 
be 3 pm. 

[0144] The charging performance enhancement character 
istics of the electrically conductive particles C are measured 
using the folloWing method. A mixture of 9 g of ?uorinated 
resin particles and 1 g of electrically conductive particles are 
placed in a test tube, and the test tube is shaken roughly 30 
times to charge the electrically conductive particles. Then, 
the amount of the electrical charge acquired by the electri 
cally conductive particles is measured. The same process is 
carried out for the mixture of toner particles and ?uorinated 
resin particles to measure the amount of the electrical charge 
acquired by the toner particles, and also to check the polarity 
of the electrical charge of the toner particles. The electrically 
conductive particles in this embodiment shoWed a tendency 
to be charged to the polarity opposite to that of the toner 
particles. 

[0145] Thus, as a combination of a DC component of —450 
V and an AC component of 900 V (Vpp =900 V) is applied 
as the development bias, the electrically conductive particles 
in the developer, Which are not adhering to the toner 
particles, jump from the development roller 21 onto the 
points of the peripheral surface of the photoconductive drum 
1, corresponding to the background portions (potential level 
Vd=—600 V) of an image being formed, since there is a 
contrast of 600 V (|Vmin-Vd|=(|0—(—800)|)). HoWever, the 
electrically conductive particles adhering to the toner par 
ticles T jump from the development roller 21 to the exposed 
points (potential level V1=—170 V) of the peripheral surface 
of the photoconductive drum 1, since there is a contrast of 
730 V (|Vmax-V1|=(|—900—(—170)|)). 

[0146] The electrically conductive particles C having 
jumped onto the photoconductive drum 1 are opposite in 
polarity to the toner particles. Therefore, they remain on the 
photoconductive drum 1, along With the transfer residual 
toner particles, after the transfer process. Then, the majority 
of them are picked up by the peripheral surface of the charge 
roller 3, in the charge nip in Which the peripheral surface of 
the charge roller 3 is moving in the direction opposite to the 
moving direction of the peripheral surface of the photocon 
ductive drum 1. Therefore, even though the supply of 
electrically conductive particles C having been coated on the 
charge roller 3 prior to literally the ?rst usage of the image 
forming apparatus reduces due to the repetition of various 
image forming operations, a fresh supply of the electrically 
conductive particles is supplied from Within the developing 
apparatus 2, maintaining the chargeability of the photocon 
ductive drum 1 at a preferable level. Incidentally, even if the 
electrically conductive particles are not opposite in polarity 
to the toner particle, as long as the amount of the electrical 
charge acquired by the electrically conductive particles is 
extremely small compared to the electrical charge acquired 
by the toner particles, they are not transferred onto the 
transfer medium; in other Words, they remain on the pho 
















